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ABSTRACT
Context. The evolution of massive stars is not fully constrained. Studies of young massive clusters hosting various populations of
massive stars can help refine our understanding of the life and fate of massive stars.
Aims. In this context, our goal is to study the massive stellar content of the young massive cluster VVV CL074.
Methods. We obtained K-band spectroscopy of the brightest cluster members in order to identify the massive star population. We also
determined the stellar properties of the cluster’s massive stars to better quantify the evolutionary sequences linking different types of
massive stars. We collected integral field spectroscopy of selected fields in the cluster VVV CL074 with SINFONI on the ESO/VLT.
We performed a spectral classification based on the K-band spectra and comparison to infrared spectral atlases. We determined the
stellar parameters of the massive stars from analysis with atmosphere models computed with the code CMFGEN.
Results. We uncover a population of 25 early-type (OB and Wolf-Rayet) stars, 19 being newly discovered by our observations out
of which 15 are likely cluster members. The cluster’s spectrophotometric distance is 10.2±1.6 kpc, placing it close to the intersection
of the galactic bar and the Norma arm, beyond the galactic center. This makes VVV CL074 one the farthest young massive clusters
identified so far. Among the massive stars population, three objects are Wolf-Rayet stars, the remaining are O and B stars. From
the Hertzsprung-Russell diagram we find that most stars have an age between 3 and 6 Myr according to the Geneva evolutionary
tracks. WN8 and WC8-9 stars are the descendants of stars with initial masses between 40 and 60 M⊙. The massive star population
of VVV CL074 is very similar to that of the cluster DBS2003-179 and to a lesser extent to that of the Quintuplet cluster, indicating
the same age. The central cluster of the Galaxy is ∼3 Myr older. From the comparison of the massive stars populations in these four
clusters, one concludes that galactic stars with an initial mass in the range 40 to 60 M⊙ likely go through a WN8-9 phase.
Key words. Stars: massive – Stars: early-type – Stars: Wolf-Rayet – Stars: atmospheres – Stars: fundamental parameters – Stars:
evolution
1. Introduction
Massive stars are born as O and B stars and live as such while
they stay on the main sequence. After core-hydrogen deple-
tion, they evolve into different types of objects depending on
their initial mass. It is thought that for initial masses below ∼25
M⊙ massive stars become red supergiants (RSG, Ekström et al.
2012; Limongi & Chieffi 2018) with hydrogen-rich envelopes.
Subsequent evolution is relatively uncertain. The majority of
type II supernovae (SN) progenitors are expected to be RSGs
(Eldridge et al. 2013; Groh et al. 2013; Smartt 2015). However,
mass loss during the RSG phase exposes the internal, hydrogen-
Send offprint requests to: Fabrice Martins
e-mail: fabrice.martins@umontpellier.fr
⋆ Based on observations conducted at ESO on the Very Large Tele-
scope under program 099.D-0161(B).
poor layers of the star to the surface, leading to its transforma-
tion into a Wolf-Rayet star (WR), most likely of the WN se-
quence (i.e., showing strong nitrogen emission lines; see, e.g.,
Crowther (2007)). Above 25 M⊙ the RSG phase is probably sup-
pressed, mass loss preventing the star from evolving towards the
red part of the Hertzsprung-Russell (HR) diagram. A luminous
blue variable (LBV) eruptive phase may be encountered before
the star turns into a WR star, again most likely of the WN se-
quence. WC stars, whose spectra are dominated by carbon and
helium emission lines, likely correspond to subsequent phases of
evolution since they show the products of helium burning (and
no hydrogen) at their surface (see, e.g., Langer (2012)). Finally,
WO stars may be the final state of evolution of the most massive
stars (Groh et al. 2014; Tramper et al. 2015; Sander et al. 2018).
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We see that while general trends in the relation between
various types of massive stars can be defined, none is accu-
rately constrained. In particular, the relations between subtypes
of WR stars are poorly known. The main reason is that we
do not have access to time sequences, but rather to samples of
stars of different ages, and thus different initial masses. This
makes it difficult to reconstruct the evolution of each type of
object. One way of bypassing this difficulty is to rely on evo-
lutionary models and to compute their spectroscopic appear-
ance, as pioneered by Schaerer et al. (1996) and recently revis-
ited by Groh et al. (2014) and Martins & Palacios (2017). This
way a direct relation between spectral type and evolution can
be identified. The drawback is that such a process heavily re-
lies on the assumptions of both evolutionary and atmosphere
models. Another approach is to study several samples of mas-
sive stars, each with a given age. This way we get snapshots
of stellar evolution at different times and, post-main sequence
evolution being much faster than hydrogen-burning, the pro-
genitors and evolution of evolved massive stars can be better
identified. This approach can be conducted by studying young
massive clusters (Martins et al. 2007, 2008; Davies et al. 2007,
2008; Negueruela et al. 2010; Liermann et al. 2012; Davies et al.
2012b,a; Borissova et al. 2012; Ramírez Alegría et al. 2012,
2014b).
The ESO VISTA Variables in the Vía Láctea (VVV)
survey is a near-infrared photometric survey of the Galaxy
(Minniti et al. 2010; Saito et al. 2012; Hempel et al. 2014).
Several young massive clusters have been discovered
(Borissova et al. 2011; Chené et al. 2012) and follow-up
spectroscopy has allowed the identification of massive stars in a
number of them (Chené et al. 2013, 2015; Ramírez Alegría et al.
2014b, 2016). Hervé et al. (2016) presented preliminary results
on the analysis of WR stars in four clusters. In the present
paper, we describe new spectroscopic observations of the young
massive cluster VVV CL074. Using integral-field spectroscopy
we characterize the spectral properties of the brightest members
and identify new OB and WR stars. We determine the stellar
parameters of most massive stars and discuss the results in the
context of defining evolutionary sequences for massive stars.
We also compare VVV CL074 with other prototypical young
massive galactic clusters.
2. Observations and data reduction
Observations were conducted in service mode between April 17
and June 9 2017 at ESO/VLT on the integral-field spectrograph
SINFONI. Our program was divided into ten observing blocks
covering various cluster fields. Figure 1 shows a sketch of these
regions. Each observing block lasted one hour and was observed
as a filler program since our requests on seeing were moderate.
In practice, visible seeing as measured on the guide probe varied
between 1.0′′ and 1.5′′ depending on the field and date of ob-
servation. The K-band setting was selected, ensuring a spectral
resolution of ∼5000.
Data reduction was performed with the ESO SINFONI
pipeline version 3.0.0 under the ESO Reflex environment ver-
sion 2.8.5 (Freudling et al. 2013). Source spectra were extracted
from data cubes using the QFitsView software version 3.11. At-
mospheric correction was made using standard stars observed
just before or after science observations. To ensure optimal cor-
rection, we determined the radial velocity shift between the at-
1 QFitsView is developed by T. Ott at MPE and is available at
http://www.mpe.mpg.de/~ott/QFitsView/ .
Fig. 1. K-band image of VVV CL074 from the VVV survey. Observed
fields (squares) and stars identificators are overplotted. Squares of the
same color correspond to the same observing block. The size of the
observed fields is 8′′, corresponding to a linear distance of about 0.4 pc
at the estimated cluster distance (10.2 kpc).
mospheric absorption lines in the standard and target spectra.
We used a χ2 analysis in the 2.06-2.08 µm wavelength range
(rich in atmospheric features) for that purpose. The standard star
spectrum was then shifted according to this radial velocity. The
stellar Brγ line of the standard stars was manually removed. We
then divided the target spectrum by the standard spectrum to per-
form atmospheric correction. We finally normalized the targets’
spectra by selecting manually continuum points that were sub-
sequently used to define the continuum shape from a spline in-
terpolation. The signal-to-noise ranges from &100 for the bright-
est stars (e.g., star 12) to about 10 for the faintest ones. In Fig.
1 we have identified the 11 stars (objects 1-11) observed by
Chené et al. (2013). We have subsequently identified 40 addi-
tional stars in the SINFONI observations.
3. Stellar content and spectral types
The spectra were separated into those showing and not showing
the strong CO absorption band-heads near 2.3 µm. The latter
all show Brγ absorption or emission that are typical of OB and
Wolf-Rayet stars. They are displayed in Figs. 3, 4, and 5. CO
absorption stars are shown in Fig. 6 and are discussed in Sect.
4.2.
We performed a spectral classification for OB and WR stars.
For the former, we relied on comparison to the spectral atlases
of Hanson et al. (1996, 2005). Our method is similar to that pre-
sented in Martins et al. (2007, 2008) and Clark et al. (2018). O
stars show He ii 2.189 µm while B stars do not. The strength of
this helium line together with the strength and shape of the 2.112
µm line complex (which includes He i, C iii, N iii, and O iii lines)
discriminates between O subtypes. Stars earlier than O7 show
C iv 2.078 µm emission. Luminosity classes are mainly assigned
from the morphology of the Brγ line. At spectral types earlier
than O7, when moving from dwarfs to giants and supergiants,
the line fills with wind emission and switches from absorption to
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Table 1. Spectral types, VVV photometry, and coordinates of the observed stars.
Star ST J H K RA DEC
[mag] [mag] [mag] [hr:m:s] [d:m:s]
2 WC8 16.92 13.23 10.31 16:32:05.28 -47:49:15.78
3 WN8 14.72 11.82 10.17 16:32:05.46 -47:49:29.53
4 O7-9.5 I 16.02 13.30 11.93 16:32:05.48 -47:49:35.41
6 O6-7 I 16.00 13.24 11.89 16:32:05.54 -47:49:34.78
7 O6-7 III 15.98 13.46 12.19 16:32:05.67 -47:49:31.53
8 CO 13.98 12.27 11.10 16:32:05.88 -47:49:32.16
9 O4-6 If+ 15.22 12.53 11.31 16:32:05.96 -47:49:32.53
12 B0.5-2 I1 12.34 10.09 8.89 16:32:07.08 -47:49:39.83
13 WC9 15.08 12.13 10.30 16:32:08.43 -47:49:44.70
14 CO 16.77 13.54 12.09 16:32:08.50 -47:49:46.08
15 CO 14.31 12.87 12.29 16:32:07.97 -47:49:45.03
16 CO 17.53 14.30 12.87 16:32:08.41 -47:49:41.95
17 O7-8 V-III2 13.79 13.22 12.99 16:32:08.21 -47:49:42.45
18 O9.5-B2 I 14.46 12.06 10.84 16:32:07.61 -47:49:21.17
19 CO 15.00 12.40 11.27 16:32:07.67 -47:49:33.79
20 >B3 16.86 14.50 13.30 16:32:07.22 -47:49:31.79
21 >B32 13.82 13.30 13.19 16:32:07.43 -47:49:29.79
22 CO 17.84 14.92 13.67 16:32:07.77 -47:49:31.54
23 CO 16.19 13.28 11.96 16:32:04.44 -47:49:07.51
24 >B7 I 15.54 12.23 10.54 16:32:03.38 -47:49:08.01
25 CO 16.70 13.42 11.95 16:32:03.48 -47:49:09.51
26 CO 12.77 11.73 11.35 16:32:03.05 -47:49:42.59
27 CO 18.38 14.49 12.69 16:32:03.12 -47:49:45.59
28 B2 14.73 13.92 13.60 16:32:03.40 -47:49:42.34
29 CO 13.74 13.01 12.84 16:32:04.10 -47:49:32.21
30 CO 18.64 15.30 13.73 16:32:03.81 -47:49:32.46
31 CO 15.22 13.35 12.54 16:32:04.99 -47:49:51.64
32 B 16.23 13.95 12.85 16:32:05.55 -47:49:49.89
33 CO 16.68 14.14 13.02 16:32:05.27 -47:49:45.01
34 early/emission 16.45 13.85 12.63 16:32:05.34 -47:49:40.01
35 CO 15.90 13.26 12.09 16:32:06.66 -47:49:52.21
36 CO 16.37 14.23 13.31 16:32:06.37 -47:49:43.71
37 other 17.44 15.22 14.17 16:32:06.55 -47:49:43.83
38 CO 16.79 13.29 11.71 16:32:06.26 -47:49:21.33
39 B? 17.11 14.20 12.79 16:32:06.46 -47:49:24.83
40 CO 18.16 14.58 12.97 16:32:06.53 -47:49:22.58
41 >B32 12.40 12.10 11.96 16:32:05.27 -47:49:22.96
42 O7-8 III-I 16.89 14.05 12.64 16:32:05.34 -47:49:17.21
43 CO 18.41 14.54 12.75 16:32:05.27 -47:49:17.46
44 B 18.48 15.39 13.74 16:32:04.88 -47:49:21.21
45 CO 16.60 13.71 12.40 16:32:06.52 -47:49:12.93
46 CO 16.43 13.81 12.64 16:32:08.12 -47:49:07.18
47 OB 19.05 15.46 13.64 16:32:08.40 -47:49:07.31
48 early/emission 14.31 11.67 10.33 16:32:08.68 -47:49:32.41
49 O7-9.5 I3 16.21 13.58 12.27 16:32:04.84 -47:49:31.41
50 O7-9.5 I3 16.53 13.82 12.49 16:32:04.86 -47:49:33.41
51 O6-8 III 16.17 13.54 12.22 16:32:05.62 -47:49:32.56
Notes. 1: 2MASS photometry; 2: probably not a cluster member given its relatively blue colors; 3: Contaminated spectrum. Uncertainties on
magnitudes are approximately 0.05-0.10 mag.
emission. In the range O8-O9.7, Brγ is narrower in supergiants
and He i 2.161 µm becomes visible in the blue wing of Brγ. B
stars’ classification is difficult given the very limited number of
spectral features in the K-band. In most cases, we could only as-
sign a B spectral types from the absence of a He ii 2.189 µm line.
For star 12, the presence of a weak emission around 2.11 µm and
the strength of He i 2.184 µm correspond to B0.5-2 supergiants
of the atlas of Hanson et al. (2005). Finally, we stress that object
17 is a B-type star but given its peculiar colors (much bluer than
the rest of the OB stars, see Fig. 2) we suspect it is a foreground
star. Chené et al. (2013) estimated that on average there should
be 0.2±0.1 OB stars/arcmin in the direction of the clusters they
studied (including VVV CL074). The probability of having a
foreground B-type star is thus not negligible.
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The results of our spectral classification are shown in Table 1.
For most stars we could only constrain the spectral types and/or
luminosity classes to a (narrow) range. This is due to the quality
of our data and to the relatively low sensitivity of the diagnos-
tic K-band lines to spectral type variations. Stars 4, 6, 7, and 9
are in common with Chené et al. (2013). Stars 4 and 6 have a
better signal-to-noise ratio in the present study and the spectral
classification is thus revised compared to Chené et al. (2013).
Star 7 shows features typical of O6-7 stars (C iv emission, He ii
present, absorption and emission profile at 2.11 µm) together
with Brγ in weak absorption. This is consistent with luminosity
class III according to Hanson et al. (1996). For star 9 we revised
the classification of Chené et al. (2013) from WN7/O4-6I+ to
O4-6If+. A direct comparison of the star’s spectrum to O4-6If+
stars from the Arches cluster (Martins et al. 2008; Clark et al.
2018) revealed a very good match in relative and absolute line
strengths. WN7 stars have stronger emission lines (Morris et al.
1996).
For WR stars, we compared the observed spectra to the at-
lases of Figer et al. (1997). The presence of strong, relatively
narrow (by WR standards) emission lines from He i and hydro-
gen is characteristic of the WN8 spectral class. The presence of
the N iii 2.24 µm emission doublet confirms this classification
for star 3. The ratio of equivalent widths of Brγ to He ii 2.189
µm (log(Brγ/He ii 2.189)=0.7) is typical of WN8(h) stars ac-
cording to Rosslowe & Crowther (2018). Stars 2 and 13 are WR
stars of class WC8 and WC9. They show broad C iii and C iv
emission lines. They are mainly distinguished by the presence
of He i in WC9 stars. Lines are also broader in WC8 stars. The
ratio of equivalent widths of C iii 2.11 µm to C iv 2.189 µm
(log(C iii 2.11/C iv 2.189)=-0.22 and +0.18 for stars 2 and 13 re-
spectively) are fully consistent with our classification (see Table
3 of Rosslowe & Crowther (2018)).
Two stars (number 34 and 48) display narrow emission in
He i 2.058 µm and Brγ, and to a lower level in the line com-
plex at 2.11 µm. The full width at half maximum of Brγ is
350 (250) km s−1 in stars 34 (48), favoring a stellar rather than
a nebular origin. There is evidence of Si iv 2.427 µm emis-
sion in star 48. These emission features are typical of evolved
massive stars. They are encountered in O and B emission stars
(Oe and Be stars, sometimes in X-ray binary systems), B hy-
pergiants, WN10-11h stars, and LBVs or candidate LBVs (see
Morris et al. 1996; Hanson et al. 1996; Clark et al. 2018). Dis-
tinction between these classes based solely on the K-band is dif-
ficult. Fe ii 2.089 µm and Na ii 2.206-2.209 µm are usually de-
tected in emission in LBVs. Since we do not clearly identify
these features, we exclude this class for stars 34 and 48. Other
than that, we cannot unambiguously separate between OBe, B
hypergiants, and WN10-11h stars. We thus attribute the classifi-
cation type “early/emission”.
In total we identified 25 OB and WR stars, 19 being new
discoveries. Figure 2 shows the K versus (J-K) color-magnitude
diagram of the stars observed by SINFONI. The O stars define
a relatively clear vertical sequence. The Wolf-Rayet stars, espe-
cially the WC stars, have on average redder colors than the OB
stars. In addition to star 17, three additional objects classified as
B or later than B (but not showing CO absorption) may be fore-
ground stars given their blue color: stars 21, 28, and 41. The CO
absorption stars show a wide range of colors.
Fig. 2. K versus (J-K) color-magnitude diagram of the stars for which
we obtained spectroscopy. Stars are symbol- and color-coded according
to their estimated spectral type.
4. Stellar parameters
4.1. OB and WR stars
4.1.1. Extinction and distance
To estimate the amount of extinction in the K band (AK), we used
the color excess of the three O supergiants with the best spectra:
stars 4, 6, and 7. For each star, we adopted the absolute mag-
nitudes and colors of Martins & Plez (2006). Our results thus
depend on the reliability of these calibrations.
In Fig. 2, stars 4, 6, and 7 are the blue circles with K-band
magnitudes around 12. Their colors are representative of the
brightest members of the cluster. Hence they are well suited
to define an average extinction. The choice of the extinction
law is critical. To minimize its effect on the results, we com-
puted the average value of AJ/AK from Table 5 of Wang & Jiang
(2014), which compiles results from ten different studies of the
extinction law. We obtained AJ/AK=2.85±0.48. We then esti-
mated AK =
1
AJ/AK−1
× E(J-K) for each star, using the intrinsic
colors of Martins & Plez (2006), leading to AK = 2.27±0.34.
We subsequently calculated the distance modulus from AK ,
the absolute and observed magnitudes, and the associated er-
rors. We finally adopted the average distance of the three stars
as the cluster’s distance, which is found to be 10.2±1.6 kpc.
Given the cluster’s galactic coordinates (l=336.37o, b=0.19o),
this distance places VVV CL074 close to the intersection of
the Norma arm and the galactic bar. This region already hosts
the young massive clusters Mercer 81 (Davies et al. 2012b) and
VVV CL086 (Ramírez Alegría et al. 2014a). [DBS2003]-179
(Borissova et al. 2012) is also relatively nearby, though closer to
the galactic center. VVV CL074 is thus one of the farthest young
massive clusters uncovered so far.
Article number, page 4 of 14
Martins et al.: Massive stars in VVV CL074
4.1.2. Stellar parameters
For O and WR stars we used the atmosphere code CMGFEN
to produce synthetic spectra. The full description of the code
can be found in Hillier & Miller (1998). We adopted solar abun-
dances from Grevesse et al. (2010) in our computations, which
included H, He, C, N, O, Ne, Mg, Si, S, Ar, Ca, Fe, and Ni ions.
We have assumed He/H=0.1 for all stars. We refer the reader
to Hervé et al. (2016) for further information on the atmosphere
models and synthetic spectra. The synthetic spectra were sub-
sequently compared to observed data in order to determine the
effective temperature and surface abundances (for WR stars).
For O stars the strength of He ii 2.189 µm was the main
Teff indicator. When the quality of the spectrum was too low
and/or there was no sign of He ii 2.189 µm, Teff was assigned
from spectral type using the calibrations of Martins et al. (2005),
Crowther et al. (2006b), and Nieva (2013). This applies to stars
17, 18, and 42. The stellar luminosity was calculated from Teff,
the observed K-band magnitude, K-band bolometric corrections
(Martins & Plez 2006), and the distance and extinction estimated
above. The best fits are shown in Fig. 4 and the stellar parame-
ters are summarized in Table 2. They include stars 34 and 48 for
which the effective temperature was broadly constrained from
the absence of He ii 2.189 µm, the shape of the 2.11 µm emis-
sion complex, and the strength of Si iv 2.427 µm. For these stars,
the narrow emission in He i 2.058 µm and Brγ could be repro-
duced with a terminal wind velocity of 300 km s−1 and mass loss
rates on the order of 1 to 3 10−6 M⊙ yr
−1. For the B supergiant
star 12, we used an average of the effective temperatures deter-
mined by Crowther et al. (2006b) for B0.5 to B2 stars. We stress
that all our Teff estimates assume a solar helium content.
To determine the effective temperature of the WN8 star num-
ber 3 we relied on the relative strength of He i and He ii lines.
The mass loss rate and the helium to hydrogen ratios were deter-
mined from the absolute strength of helium and hydrogen lines.
The nitrogen content was constrained from the N iii lines at 2.24
µm. Finally the upper limit on the carbon abundance was esti-
mated from the absence of C iv lines between 2.05 and 2.08 µm.
The luminosity was adjusted so that the absolute K-band magni-
tude of the model matches the observed value (after taking into
account the extinction and distance modulus). The stellar param-
eters are very similar to those obtained by Hervé et al. (2016).
The imperfect fit of the He i 2.06 µm line (see Fig. 5, left panel)
is a well-known effect of the extreme sensitivity of this feature
to details of the modeling (atomic data, microturbulence, line-
blanketing; see, e.g., Najarro et al. 2006).
For the two WC stars, we used the same method as for the
WN8 object. We assumed that no hydrogen was observed at the
surface of the star. We noticed that the emission level of most
lines is relatively low compared to normal WC stars (Figer et al.
1997). This is usually explained by the presence of dust contin-
uum emission around the star (e.g., Crowther et al. 2006a). We
thus followed the standard procedure that consists in adding a
1400 K blackbody contribution to the stellar emission (Rosslowe
2016). The level of dust emission was adjusted so the stellar lines
are diluted enough to reproduce their observed emission level.
Photometry was computed from the resulting total spectral en-
ergy distribution and compared to absolute magnitudes in order
to determine the stellar luminosity. This process ensures a deter-
mination of the relative stellar and dust flux emission, as well as
of the absolute stellar luminosity. In practice, dust contributed to
80% of the K-band flux for both stars. We found out that it was
never possible to obtain a good fit of all spectral lines at the same
time. The spectrum is dominated by helium and carbon lines.
Table 2. Parameters of the OB stars.
Star Spectral Teff log L
L⊙
type [kK]
4 O7-9.5 I 33.0±2.0 5.62±0.23
6 O6-7 I 36.0±2.0 5.75±0.20
7 O6-7 III 40.0±2.0 5.76±0.21
9 O4-6 If+ 37.0±2.0 6.01±0.20
12 B0.5-2 I 22.5±4.0 6.36±0.30
17 O7-8 V-III 34.0*±3.0 5.24±0.21
18 O9.5-B2 I 26.0*±6.0 5.76±0.35
34 early/emission 25.0±3.0 4.99±0.24
42 O7-8III-I 34.0*±3.0 5.38±0.22
48 early/emission 25.0±3.0 5.91±0.24
49 O7-9.5 I 35.0±2.0 5.56±0.22
50 O7-9.5 I 35.0±2.0 5.47±0.23
51 O6-8 III 38.0±2.0 5.68±0.22
Notes. Adopted parameters are marked with an asterisk (*) symbol.
The effective temperature was mainly set from the ratio of C iv
to C iii lines. The mass loss rate, helium, and carbon abundances
were obtained from the emission line level, modulated by the
dust contribution. The best fit shown in Fig. 5 should be viewed
as indicative of average stellar parameters given the uncertainties
on continuum normalization, dust properties„ and atmospheric
structure (e.g. shape of the velocity law). We note, however, that
our stellar parameters, gathered in Table 3, are consistent with
those of similar objects (Crowther 2007; Williams et al. 2015;
Sander et al. 2018). The WC9 star is rather luminous, but still
in the luminosity range advocated by Sander et al. (2018) for
galactic stars with known Gaia distances. We caution that the
luminosity of the two WC stars may be overestimated. The pres-
ence of dust is usually associated to a wind-colliding region in
a binary system (Williams et al. 2001; Tuthill et al. 2006, 2008).
If a secondary component is present, it may contribute to the
observed K-band magnitude. Najarro et al. (2017) included the
emission of a companion O star in their modeling of a dusty WC
star in the Quintuplet cluster (see also below). They relied on a
wide spectral range extending to the J-band, where the contribu-
tion of a companion OB star is expected to be stronger relative
to the WC star. In our case, the limited spectral coverage does
not allow such a modeling, unless assuming arbitrary parame-
ters for the companion. We thus assumed that all the K-band
emission was due to both the WC stars and the dusty region.
Consequently, the stellar luminosities are upper limits.
4.2. CO absorption stars
Stars showing CO absorption band-heads, if they belong to the
VVVCL074 cluster, can be red supergiants (RSG) or asymptotic
giant branch (AGB) stars depending on their initial mass. Main
sequence stars with CO band-heads are too faint and have not
been detected in our observations, unless they are foreground
stars. RSGs are evolved massive stars, while AGB stars are the
descendents of lower mass stars. RSGs are observed after about
10 Myr in young clusters (Davies et al. 2007, 2008). If present,
they may thus be part of the young massive stars population of
the cluster.
Galactic RSGs have bolometric magnitudes between -9.0
and -4.0 (Levesque et al. 2005; Clark et al. 2009; Messineo et al.
2014). Thus their luminosities are such that log L
L⊙
> 3.6. To
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Table 3. Parameters of the WR stars. He/H is the number ratio, while X(C) and X(N) are mass fractions.
Star Spectral Te f f T∗ logg log
L
L⊙
log M˙ v∞ He/H X(C) X(N)
type [kK] [kK] km s−1
3 WN8 31.5±3.0 32.6±3.0 3.5* 6.0±0.25 -4.5 600* 1.7 <1.3 10−4 1.2 10−2
2 WC8 44.1±5.0 49.3±5.0 4.0* <5.8±0.25 -4.5 2200 no H* 0.11 –
13 WC9 44.0±5.0 51.0±5.0 4.7* <5.7±0.25 -4.5 1200* no H* 0.37 –
Notes. Adopted parameters are marked with an asterisk (*) symbol. Uncertainties on surface abundances are approximately 50%.
check if RSG stars are present among our CO absorption stars,
we have estimated their luminosities in the following way. First,
we determined their effective temperature from the CO index de-
fined by Blum et al. (1996). The index is 100×(1 − Fcont
Fband
), where
Fcont and Fband are the fluxes in two wavelength ranges centered
at 2.284 and 2.302 µm, respectively. The two ranges are 0.015
µm wide. Once calculated for all our CO stars, the index is com-
pared to the relation CO index - Teff defined by Maness et al.
(2007) to estimate Teff for each star. A bolometric correction is
subsequently calculated from Eq. 4 of Buzzoni et al. (2010). As-
suming an extinction AK = 2.27 (see above) and a distance of
10.2 kpc, we determined the K-band absolute magnitudes, which
were combinedwith the bolometric corrections to yield the lumi-
nosities. The results are gathered in Table 4. We see that all stars
have luminosities lower than about 3.4, except stars 8 and 26 that
are just at the limit of red supergiants (log L
L⊙
∼ 3.6).We thus con-
sider most CO absorption stars as foreground objects. Stars 8 and
26 are also most likely foreground evolved giant stars although
we cannot firmly exclude, from a purely observational point of
view, that they are cluster members. If this was true, both stars
would have to be older than the bulk of massive stars, implying
multiple episodes of star formation in VVV CL074. This is not
favored in view of the coevality observed in most young massive
clusters.
To further test the possibility that the CO absorption stars
are cluster member, we attempted to determine radial veloci-
ties for both OB and CO absorption stars. We used synthetic
spectra taken from the POLLUX database2 (Palacios et al. 2010)
and performed cross-correlations with the observed spectra. We
obtain an average velocity of -30±61 km s−1 (+44±58 km s−1)
for the OB (CO absorption) stars. The difference between both
groups is thus barely significant at the 1σ level. We conclude
that radial velocities do not lead to strong conclusions regarding
the cluster membership of the CO absorption stars.
5. Discussion
5.1. Evolutionary status
Figure 7 shows the HR diagram of the sample stars with the evo-
lutionary tracks and isochrones of Ekström et al. (2012). Most
of the OB stars are located between the 3 and 6 Myr isochrones.
They are located on the main sequence and have initial masses
between ∼20 and ∼60 M⊙. The two WC stars are located on the
left side of the zero-age main sequence (ZAMS). According to
the tracks of Ekström et al. (2012), they could be the descendants
of stars with initial masses around 40-60 M⊙. The WN8 star
could have a progenitor with a mass in the same range. Its posi-
tion on the right side of the ZAMS would be consistent with an
earlier evolutionary state compared to the WC stars. The global
2 http://npollux.lupm.univ-montp2.fr/
Table 4. Estimated parameters of the CO absorption stars.
Star MK Teff log L
L⊙
[K]
8 -6.21 4871 3.60
14 -5.22 4208 3.03
15 -5.02 4770 3.10
16 -4.44 4136 2.70
19 -6.04 4338 3.40
22 -3.64 4482 2.48
23 -5.35 4986 3.28
25 -5.36 4669 3.21
26 -5.96 5447 3.63
27 -4.62 4078 2.76
29 -4.47 4972 2.93
30 -3.58 4655 2.50
31 -4.77 5044 3.06
33 -4.29 4568 2.76
35 -5.22 4655 3.15
36 -4.00 4712 2.68
38 -5.60 4208 3.19
40 -4.34 4669 2.80
43 -4.56 4583 2.87
45 -4.91 4900 3.09
46 -4.67 5058 3.03
picture resulting from these considerations would be that VVV
CL074 is a 3-6 Myr old cluster hosting a population of main se-
quence OB stars with masses lower than 40-60 M⊙, a mass that
would correspond to that of the turn-off. Three stars of WR type
could be the descendants of stars slightly more massive than this
turn-offmass.
Star 12 is the most luminous object of the cluster. It is a B
supergiant and its position in the HR diagram is consistent with a
relatively massive star (M& 60 M⊙) that has evolved off the main
sequence. Given the large uncertainty on its effective tempera-
ture, and thus luminosity, it can be regarded as a star with initial
mass just above the cluster turn-off that is evolving towards the
red part of the HR diagram.We also stress that if it were a binary
star, its luminosity would be slightly overestimated, explaining
its position in the HRD. Under the binary hypothesis, it could
also be overluminous because of mass transfer. Under such cir-
cumstances, the mass gainer experiences a sudden luminosity
increase (Wellstein et al. 2001; Langer 2012).
Opposite to star 12, star 34 is the least luminous of the sam-
ple. It is located much farther away from the ZAMS than the
bulk of OB stars. Star 34 has a spectrum very similar to star
48 which, according to its position in the HR diagram, makes it
an evolved O supergiant with a dense wind, close to the Wolf-
Rayet phase. The relatively low luminosity of star 34 may be
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Fig. 3. Spectra of OB stars. The stars are ordered according to K-band magnitude; the brightest stars are on the top left and the faintest ones on the
bottom right. The two emission line stars are shown in the top right panel.
explained by an episode of mass transfer in a binary system
where the mass donor experiences a luminosity drop just after
the event (Wellstein et al. (2001)). Spectroscopic monitoring of
star 34 would be required to test the binary scenario.
5.2. Comparison to other clusters
In Fig. 8 we have added the OB and WR stars of three galac-
tic clusters: the young starburst in the central cluster of the
Galaxy (Paumard et al. 2006; Martins et al. 2007); the Quintu-
plet cluster (Liermann et al. 2010, 2012); cluster DBS2003-179
(Borissova et al. 2012). For the central cluster we have taken
the stellar parameters from the above references. The effective
temperature of the OB stars was estimated from the spectral
type and the Teff-scale of Martins et al. (2005). The luminos-
ity was computed from the observed K-band magnitude, the
K-band extinction (Paumard et al. 2006), the K-band bolomet-
ric correction (Martins & Plez 2006), and the galactic center
distance of Gillessen et al. (2009). We have excluded objects
with only upper limits on luminosities. The stellar parameters
of the Quintuplet OB stars are estimated using the same method,
the K-band magnitudes of Liermann et al. (2009), and the re-
vised spectral types of Clark et al. (2018). The parameters of the
WNh stars studied by Liermann et al. (2010) are also included.
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For these stars, we have used the spectral types of Clark et al.
(2018) in Fig. 8. The Quintuplet WC9 star GCS4 was studied
by Najarro et al. (2017) and we adopt their average luminosity
(see their Table 3) in Fig. 8. Finally the stellar parameters of the
stars in DBS2003-179 were taken directly from Borissova et al.
(2012). Table 5 gathers the main properties of VVV CL074 and
the comparison clusters.
The OB stars in VVV CL074 are located within the area cov-
ered by the OB stars of the Quintuplet. We note a rather large
dispersion among the latter objects. This is nevertheless an indi-
cation that the two clusters are about the same age. Estimates for
the Quintuplet are usually approximately 3-5 Myr (Figer et al.
1999b; Liermann et al. 2012). This is consistent with the range
3-6 Myr we estimate for VVV CL074. The Quintuplet cluster
hosts a population of WN10-11h/B hypergiant stars, which are
on average slightly cooler and more luminous than the WN8 star
of VVV CL074. The difference in temperature is qualitatively
consistent with the differences between spectral types. Since
both clusters have similar ages, one can speculate that the WR
stars have progenitors with similar initial masses, approximately
40-60 M⊙ according to the tracks of Ekström et al. (2012). The
WN stars in VVV CL074 and the Quintuplet cluster are thus
probably in close evolutionary states. Liermann et al. (2010) re-
port a hydrogenmass fraction between 5 and 45% for theWN10-
11h star. We find such a fraction to be 13% in the WN8 star.
Hence, the WN8 phase is likely very close to the WN10-11h
phase. We note that the Quintuplet cluster also hosts a WN6
and several WC8-9 stars for which no stellar parameters have
been determined (Figer et al. 1999b), except for star GCS4, one
of the five stars first discovered by Nagata et al. (1990) in the
cluster. Najarro et al. (2017) performed a quantitative analysis
of the infrared spectrum of this source, assuming it is a binary
system made of both a WC9 and an O star. The binary nature
is suggested by the pinwheel structure of the infrared emission
observed by Tuthill et al. (2006). The effective temperature ob-
tained by Najarro et al. (2017) for theWC9 component is similar
to what we obtain for star 13. GCS4 is less luminous than star 13
by roughly 0.5 dex, but luminosity estimates depend critically on
extinction (see Table 3 of Najarro et al. 2017), and our luminos-
ity estimate is an upper limit. Finally, star 48 in VVVCL074may
be a slightly lower luminosity version of the WN10-11h/B hy-
pergiant stars of the Quintuplet cluster. They indeed share many
spectroscopic properties.
Turning to the central cluster (top right panel of Fig. 8),
almost all OB stars of VVV CL074 are hotter than their
galactic center counterparts. This is consistent with the older
age estimated for the central cluster: 6-8 Myr according to
Paumard et al. (2006), compared to 3-6 Myr for VVV CL074.
TheWR population of the galactic center is on average less lumi-
nous than that of VVV CL074. If the central cluster is older, its
WR population likely comes from stars with initial masses lower
than the WR progenitor masses in VVV CL074. This explains
the luminosity differences. From this comparison, we conclude
that WC9 and WN8 stars, which are found in both clusters, are
found at different luminosities and come from stars of various
initial masses.
Finally, the cluster DBS2003-179 (bottom panel of Fig. 8)
has a population of OB stars very similar to that of VVV CL074
(see Table 5). Thus, both clusters are about the same age.
DBS2003-179 hosts two WN8-9 stars that have temperatures
and luminosities comparable, within the error bars, to star 3 in
VVV CL074. The Ofpe/WN9 star in DBS2003-179 is also lo-
cated close to star 3. The main difference between the massive
stars population of the two clusters is the absence of WC stars
in DBS2003-179. Otherwise, both clusters are very similar (see
Table 5). The presence of WN8-9 stars in both of them strength-
ens the case that stars with initial masses around 40-60 M⊙ go
through a WN8-9 phase during their evolution. Another similar-
ity between VVV CL074 and DBS2003-179 can be obtained if
one re-estimates the cluster’s mass using the updated stellar cen-
sus of VVV CL074. From Fig. 7 we can roughly estimate the
total initial mass of the stars for which we have determined the
stellar parameters. One (5, 11) star(s) is located between the 20
and 25 M⊙ (respectively 25 and 40 M⊙, 40 and 60 M⊙) tracks.
Assuming average masses of 22, 32, and 50 M⊙in these mass
intervals, we obtain a total mass of about 732 M⊙. If we further
assume that we have observed all stars more massive than 20 M⊙
(see Fig. 7) and a Kroupa IMF (Kroupa 2002) for which ∼10%
of the mass is in the mass range 20-120 M⊙ (see Kroupa’s Table
2), we obtain a total cluster mass of about 7300 M⊙, very close
to the mass of DBS2003-179.
6. Summary and conclusion
We have presented observations of the galactic cluster
VVVCL074 conductedwith the integral field spectrograph SIN-
FONI on the ESO/VLT. We have uncovered a population of 25
OB and Wolf-Rayet stars, 19 being new discoveries, based on
the presence of hydrogen, helium, and sometimes carbon and ni-
trogen lines in their K-band spectra. Four objects classified as O
or B (with a loose classification for three objects) are likely fore-
ground stars. The remaining 15 newly discovered stars are likely
cluster members. For 21 additional stars, their spectra showed
strong CO absorption. These objects are most likely not physi-
cally associated to the cluster.
We estimated the stellar parameters of the WR stars and the
brightest OB stars from a spectroscopic analysis with the code
CMFGEN. We placed the stars in the HR diagram. The clus-
ter hosts a population of stars formed most likely 3 to 6 Myr
ago. From the relative position of the WR and OB stars we con-
clude that the initial mass of WN8 andWC9 stars is 40 to 60 M⊙
in VVV CL074. We performed a comparison to three galactic
massive clusters: DBS2003-179, the Quintuplet cluster, and the
central cluster. VVV CL074 has a massive star population, and
thus an age, very similar to DBS2003-179, from which we in-
fer that stars with initial masses 40-60 M⊙ go through a WN8-9
phase during their evolution. The Quintuplet cluster also has a
population of a similar age and hosts WN10-11h. The compari-
son of the two clusters indicates a very close evolutionary state
for WN10-11h and WN8 stars, which likely have an initial mass
of about 40-60 M⊙. Finally, the central cluster of the Galaxy is
older than VVV CL074. Its WR population comes from stars
with lower initial masses compared to the progenitors of the WR
stars in VVV CL074. WN8 and WC9 stars being present in both
clusters, this shows that such spectral types are encountered dur-
ing the evolution of stars with a range of initial masses.
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Table 5. Properties of VVV CL074 and comparison clusters. N(O) is the number of O stars, excluding stars with uncertain OB classification.
N(WN) is the number of H-free and H-rich WN stars. N(WC) is the number of WC stars (including dusty ones).
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[M⊙] [Myr]
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Notes. References: 1: Chené et al. (2013); 2: Figer et al. (1999a), 3: Clark et al. (2018); 4: Bartko et al. (2009); 5: Paumard et al. (2006); 6:
Borissova et al. (2008); 7: Borissova et al. (2012).
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Fig. 4. Best fit (red) of the observed spectrum (black) of stars for which the spectrum quality was sufficient to perform a spectroscopic analysis.
The main diagnostic lines are indicated in the upper left panel.
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Fig. 5. Best fit (red) of the observed spectrum (black) of the three Wolf-Rayet stars: stars 3 (WN8, left), 2 (WC8, middle), and 13 (WC9, right).
The main lines are indicated in each panel.
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Fig. 6. Same as Fig. 3 for stars showing CO absorption band-heads.
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Fig. 7. HR diagram. The evolutionary tracks including rotation are from
Ekström et al. (2012). Different symbols stand for the sample stars and
refer to different luminosity classes depending on shape and color. The
dashed purple lines are the 3, 5, 6, and 8 Myr isochrones cut to avoid
the post-main sequence phases for clarity.
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Fig. 8. Same as Fig. 7 with OB and Wolf-Rayet stars from comparison clusters in gray: the Quintuplet (top left; Liermann et al. 2012; Clark et al.
2018); the galactic center cluster (top right; Martins et al. 2007); cluster [DBS2003]-179 (bottom left; Borissova et al. 2012). For clarity only the
25 and 40 M⊙ tracks are plotted, as well as only the 5 and 6 Myr isochrones. Error bars have also been dropped. No distinction of luminosity class
is made for OB stars.
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